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© Improved method and apparatus for detecting optical pulses. 



© A method and apparatus for improving the calculation of oxygen saturation and other blood constituents by 
non-invasive pulse oximeters. The method and apparatus permit more accurate determination of blood flow by 
collecting time-measures of the absorption signal at two or more wavelengths and processing the collected time- 
^1 measure to obtain composite pulsatile flow data from which artifacts have been filtered. The processing occurs 
^in the frequency domain. The time-measure is Fourier transformed into its spectral components to form the 
composite information. 
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IMPROVED METHOD AND APPARATUS FOR DETECTING OPTICAL PULSES 

Apnl 4, 1984, and European Patent Application No. 104.771 published Acril 4 i<wu p, Z I P f " Shed 
commercially available from Nellcor Incorporated, Hayward Somia U S iA Tn/> f „ ° ximeters f> 
example. Pulse Oximeter Model N-100 (here^ "N-100 oSt") ^ ^ for 

provide a bipolar drive current for the two LFiys J, ««* * . ™croprocessor uses a four-state clock to 
40 labeled the optical pulse. 9 efers t0 ,he P ulsatl| e component is 

M sissies rr„ b, as *rr roc8 T ot - n - ,o ° — * » «*- 

se as seen b» in. inneree „,veleng m wa,el8 "» '""paree lo the maximum and minimum pulse teveis 
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muscle movement proximate to the oximeter sensor, for example, the patient's finger, ear or other body 
part to which' the oximeter sensor is attached, and may cause spurious pulses that are similar to pulses 
caused by arterial blood flow. These spurious pulses, in turn, may cause the oximeter to process the artifact 
waveform and provide erroneous data. This problem is particularly significant with infants, fetuses, or 

5 patients that do not remain still during monitoring. 

A secbnd problem exists in circumstances where the patient is in poor condition and the pulse strength 
is very weak. In continuously processing the optical data, it can be difficult to separate the true pulsatile 
component from artifact pulses and noise because of a low signal to noise ratio. Inability to reliably detect 
the pulsatile component in the optical signal may result in a lack of the information needed to calculate 

w . blood constituents. 

It is well known that electrical heart activity occurs simultaneously with the heartbeat and can be 
monitored externally and characterized by the electrocardiogram ("ECG") waveform. The ECG waveform, 
as is known to one skilled in the art, comprises a complex waveform having several components that 
correspond to electrical heart activity. The QRS component relates to ventricular heart contraction. The R 

75 wave portion of the QRS component is typically the steepest wave therein, having the largest amplitude and 
slope, and may be used for indicating the onset of cardiovascular activity. The arterial blood pulse flows 
mechanically and its appearance in any part of the body typically follows the R wave of the electrical heart 
activity by a determinable period of time that remains essentially constant for a given patient. See, e.g., 
Goodlin et al. f "Systolic Time Intervals in the Fetus and Neonate", Obstetrics and Gynecology , Vol. 39, No. 

20 2, February 1972, where it is shown that the scalp pulse of fetuses lag behind the ECG "R" wave by 0.03- 
0.04 second, and U.S. Patent 3,734,086. 

In corresponding International PCT Application publication No. WO 86/05674 published October 9, 
1986, there is disclosed an invention for measuring the patient's heart activity and correlating it with the 
patient's detected blood flow signals to calculate more accurately the patient's oxygen saturation and pulse 

25 rate. The correlation includes auto- and cross correlation techniques to enhance the periodic information 
contained in each individual waveform as well as determine the time relationship of one waveform to 
another. 

Correlating the occurrence of cardiovascular activity with the detection of arterial pulses occurs by 
measuring an ECG signal, detecting the occurrence of the R-wave portion of the ECG signal, determining 

30 the time delay by which an optical pulse in the detected optical signal follows the R-wave, and using the 
determined time delay between an R-wave and the following optical pulse so as to evaluate arterial blood 
flow only when it is likely to present a true blood pulse for waveform analysis. The measured time delay is 

. used to determine a time window when, following the occurrence of an R-wave, the probability of finding an 
optical pulse corresponding to a true arterial pulse is high. The time window provides an additional criterion 

35 to be used in accepting or rejecting a detected pulse as an optical pulse. Any spurious pulses caused by 
motion artifact or noise occurring outside of that time window are typically rejected and are not used to 
calculate the amount of blood constituent. Correlating the ECG with the detected optical pulses thereby 
provided for more reliable measurement of oxygen saturation. 

That publication refers to a modified N-100 oximeter (the "enhanced N-100 oximeter") whereby the 

40 device is provided with an additional heart activity parameter in the form of a detected R-wave from the 
patient's ECG waveform, in addition to the N-100 pulse oximeter functions, and the microprocessor is 
modified to include software and memory for controlling and processing the optical signal and heart activity 
information. 

The additional heart activity parameter is independent of the detection of peripheral arterial pulses, e.g., 
45 ECG signals, ultrasound, ballistocardiogram, and maybe, accelerometers, nuclear magnetic resonators, 
■ electrical impedance techniques, and the like, and provides an identifiable and detectable signal in response 
to each heartbeat for use by the signal processing of the oximeter. 

It is an object of this invention to provide for improved processing of the detected optical signal 
containing periodic information corresponding to arterial pulsatile blood flow and aperiodic information 
so corresponding to noise, spurious signals, and motion artifact unrelated to the beating heart and arterial 
pulsatile blood flow, to improve further the reliability and accuracy of the determination of blood constituent, 
particularly oxygen saturation of hemoglobin by a non-invasive oximeter device. 

It is another object of this invention to provide an improved method and apparatus for collecting 
successive portions of detected optical signals encompassing periodic information for more than one 
55 heartbeat and processing the collected portions to attenuate and filter therefrom aperiodic signal waveforms 
to provide enhanced periodic information from which the patient's blood constituent can be accurately 
determined. 

It is another object to maintain the enhanced periodic information updated by continuing to add new 
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portions of detected optical signals as they are obtained. 

nnm!i^T 0ther ° bieCt ° f thiS inventi ° n t0 eva,uate the collected P eriodic information for a predetermined 

hear tea s iXJT T " ** "** SiQnal "ending to a predetermined number of 

hear.beats in the frequency domain to obtain enhanced periodic information 

5 inrhlin 3 " 0 ^- ° bje f Ct ° f thiS inVenti ° n t0 F0urier ,ransform a "^-measure of detected optical signals 
ncludmg penod.c information for N heartbeats to determine the relative maxima at the fundamental 

225 issjsz at ,he zero frequency for use in ™ g - -* « 

It is another object of this invention to correlate the Fourier Transform of the time-measure of detected 
»o optical signals with the Fourier Transform of a time-measure of the ECQ signal, and £Z£S£*E£ 
wave events of the EGG signa.. to determine the maxima at the fundamental heart frequency " 

L is another object of this invention to correlate the periodic information in a time-measure of the 
detected optical s,gnal with a time-measure of the detected heart activity, preferably in the form of tfie ECG 

ZJ^l 1 u 3nd USe frec " uenc y domai " analysis techniques to evaluate the collected 

T^ZTJiZ °J T ^ S6tS t0 determin6 * e relative maxima at the fundamental "equency 
m^tiof JZ? w I 68 e , nhanC9d Peri ° diC in, ° rmatf0n Wi,h im P roved re i ec «°n of noise, spurious pulses 

™ll f ' ^ UndeSire<J aP6ri0diC Wav6f0rms and ,hereb y in W ^e ability of oximeters to 

accurately determine amounts of blood constituents. wumerers ro 

" cc JaT^nT 0t in r nti ° n Pr ° VideS me,h ° dS and apparatus for collectin 9 a time-measure of the detected 
optical signal waveform containing a plurality of periodic information corresponding to arterial pulses caused 
by the parent's heartbeat and aperiodic information unrelated to pulsatile flow, and 5£2£££2S 
time-measure of information to obtain enhanced periodic information that is closely related tc £e most 
recent arterial pulsatile blood flow. The time-measure may comprise a continuous portion of detected 

s optica, signals includ.ng a plurality of periodic information from successive heartbeats or a olurS nf 

CuoSr «t d t eteCted ° PtiCa * f indUdin9 3 COrreSP ° ndi ^ P^-J of pSin rL2 y * 
B/ updating the time-measure of information to include the most recently detected periodic information 

(mcuding he new and h 1S tor.cal data) from which aperiodic information (including any new aoeriodic 
» "formation, « attenuated. Applicants have discovered that by collectively processing a timeXSJe 

SSSl EST, T in, °r ti0n t0 ° btain the SnhanCed Period,^ informa«oa a d usTng he 
retSJT ,n, r atl0 ? S th9 basis for makin 9 ^n saturation calculations, the accuracy and 
rel.ab.iity of oxygen-saturation determinations can be significantly increased 

« n. !5 P "°r "I 50 haVe discovered ** a time-measure of detected optical signals containing a plurality of 
5 period c mformahon corresponding to successive heartbeats can be collectively processed and analvLri 

Zt^Z^t T iqUeS - ? eSe fr6qUenCy d ° main teChnidues ^N^SIS n tu e of 
,he heartbeat and the asynchronous characteristics of noise, spurious signals, and motion artifacts 

sJlr U T a , bl ° 0d COnStitUSnt ' f ° r eXample ' ° xy 9 en saturation ca " ^ ZZ£5£ from this 
» ° rmat r (a ' S0 referred t0 33 COmposite si 9nai information) by determining mer^aive 

o max.ma and minima ,n the enhanced periodic information for the respective wave ter2 T for use in 

determining the modulation ratios of the known Lambert-Beers equations ^lengths for use in 

f660 n namoSr r r fl nH mb ° ? ^ ^ are oonventionally obtained by passing red 

660 namomete s) and infrared (910 namometers) light through a patient's blood perfused tissue detect no 
the transmitted light which is modulated by the blood flow, and providing red mi S 25^22 
ZH ? f !T SeParat6,y Pr ° CeSSed «* 0ptional| y con ^ed from iX^dtaSZ-fS 
Si'ln 3 , ^ ab0V6 f ° r th9 Ne ' ,COr N ' 10 ° ° ximeter - Portions of ^e corresponding rSSmdSlS 
djgita agnate are then collectively processed in accordance with the present invention and the !aM 

~C**™ n " based on the resul,ing enhanced ^ -SSL 1 ? 
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signals into the frequency domain, and. analyzing the spectral components of the frequency spectrum 
thereby to determine the red and infrared relative maxima intensity at the fundamental frequency, and 
relative minima at the background intensity zero frequency, for use as maxima and minima in the 
percentage modulation ratio for calculating oxygen saturation. 

5 Applicants have discovered that if the digitized values of the time domain detected optical signals are 
stored in memory for a period of N heartbeats, and the stored data set is transformed into the frequency 
domain using Fourier Transforms, the amplitude of the fundamental heartrate is summed for the N 
heartbeats and appears in the frequency spectrum at a location of N cycles. In contrast, the amplitude of 
asynchronous signals is 1/m, where m is the number of data points in the digitized stored data set, and 

io appear spread across the frequency domain spectrum. The average intensity of the detected optical signal 
background intensity appears at the spectral line corresponding to zero cycles and corresponds to the 
average background intensity for that wavelength. 

If the detected optical signal for the red and infrared signals is considered as a single complex data set, 
i.e., having real and imaginary components, only a single Fourier transform is required to analyze the 

is spectral contents of the collective time-measure of the two signals. If F(s) represents the Fourier Transform 
of the complex data set f(t) = Red(t) + jlR(t) (for Red(t) being the red detected optical signal and IR(t) 
being the infrared detected optical signal), the Fourier Transform of the real component of f(t) is found by 
F{Re[f(t)]} = 1/2{F(s) + P(-s)}. 

Similarly, the Fourier transform of the imaginary component of f(t) is found by 

20 F{!m(f(t)]} = t/2{F(s) - P(-s)}. 

P(-s) is the complex conjugate of F(s) with the index s reversed. 

The relative amplitudes of the red and infrared fundamentals at the heartrate may be found by 
searching the frequency spectrum in the region of expected heart rates for a relative maximum and insuring 
that this is the fundamental by determining the existence of another relative maximum at twice this rate. 

25 This provides a technique for obtaining relative modulation data to calculate arterial oxygen saturation 
without the need to identify the heart rate independently, e.g., by detecting the ECG. Alternately, the 
amplitude data at the fundamental may be found by the use of independent heart rate determining 
mechanism such as ECG or phonoplethysmography or the like to determine a heart rate. However, unlike 
the time domain techniques, the precise time of occurrence of each heartbeat need not be determined and 

30 the optical signal and a heart rate parameter need not be correlated to obtain accurate saturation values. 
Rather, it is sufficient to obtain an approximate indicator of heart rate, which will facilitate identification of the 
fundamental frequency and improve saturation reliability. 

The number of spectral lines computed is preferably optimized to include the expected range of 
clinically applicable heartbeats (from 20-250 beats per minute), while the length of the data set is selected 

35 by the allowable equivalent delay in displaying measured arterial oxygen saturaton. A time-measure of data 
of, for example, 9-10 seconds represent delays of only 4-5 seconds in the display of computed saturations, 
and, depending upon the computational speed of the oximeter microprocessor, the time-measure can be 
updated in timely fashion every 1 to 2 seconds. 

In the preferred embodiment, the optical signal is digitized at 57 samples per second for each red and 

40 infrared signal. When 512 data points are accumulated, the data is Fourier transformed, and the red and 
infrared fundamental maxima are located. The percentage modulation ratio (red/infrared) is computed by 
dividing the energy at each maxima by the zero cycle background intensity for that wavelength, then 
dividing the red modulation by the infrared modulation. The resultant ratio, R, is then used in the manner 
set forth in the Lambert-Beers equations for calculating arterial saturation of hemoglobin. The collective data 

45 can be updated so that new data points replace the oldest data points by using a push down stack memory 
or equivalent so that the transform, evaluation and saturation calculation could be made after each new data 
set was obtained. 

An alternative embodiment of the frequency domain analysis technique includes sampling the real time 
ECG waveform and the real time detected optical signal at high rates, e.g. 1000 samples per second. By 

so examining the ECG wave, the time of occurrence for each heartbeat and the appropriate sample rate to 
obtain m samples during that heartbeat could be determined. Thus, the data set for each heartbeat can be 
selected to contain the same number of m samples, where each sample is a fraction of the heartbeat 
period, and N heartbeats contains mxN samples. Taking the Fourier transform of this mxN data set and 
processing the spectral components of the transform in the same manner as described previously, results 

55 in a spectral analysis having several additional advantages. First, the fundamental maximum would always 
occur at the spectral line for N cycles in "heartbeat" space. Second, any signal present in the data set 
which did not remain synchronous with the heart, including noise, artifact and transient background intensity 
changes, would be spread over the heartbeat spectrum. Third, the enhancement in signal-to-noise would be 
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the same for all heart rates. Fourth, because only two spectral lines are of interest, the zero spectral line 
corresponding to the zero frequency background intensity and the N spectral line oS^SSfS he 
number of heartbeats for the data set. the Fourier Transform need only be made atTCZuencv 

zzsssi* enwre spectrum ' and the «~ — * » 

and T %SnTlcGlZT^ ert ^ 'T^ tor the P |e,t «aphic detected optica, signals 
ana optionally ECG s,gnals of a pat.ent. an analog to digital converter for converting the analoc 
Plethysmography s.gnal to the digital optical signals and for converting the analog ECG *£• 1« 
ECG signals (unless the plethysmography or ECG signals are provided in digital Lm) anfa diS 22 
processing section for receiving the digital signals and processing the fMffSS^SffSSt 

one °l « e fore r 9 analysis techniques of the pre ' ent «™^^T3US!i 

sor memory devices buffers, software for controlling the microprocessor, and display devices 

In its context, the apparatus of the present invention is a part of an oximeter device whirh h« 
capability to detect the red and infrared light absorption, and receive an EcTS^Z toe ^Jt tl 

S^.Z^Z£ZSXT^ pu,se 0Xim6ter device manufac,ured and sold 

Mode 8085 xt a r3 ? nn T^',"? 8 an 8 bit microprocessor manufactured by Intel Corporation 
Mode 8085 The N-200 oximeter includes software for controlling the microprocessor to oerform th« 
operations of the conventional oximeter functions, and has some structure and^S^mlS^Z 
undated to the present invention, and therefore are not discussed h^^SS^oS^JSSS 
to perform the frequency domain analysis techniques of the present invention 
The invention is described in detail in connection with the drawings in which 

with «h! ;' P «en«r 3 b ' 0Ck di39ram ° f ^ 3PParatUS ° f thiS and the a PP-tus associated 

Ra 28 hVS!? f CUit fT 3 " 0 ° f * e SatUr3ti0n P ream P |ifl ^ the patient module of Fig. 1 . 
patient Lul of Fig 6 ; 3 '' 6 ' * ^ ECG and ** Potion circuit the 

RoVit I 8 3 d f "? C,rCUit S ° hematiC ° f the Saturation ana, °9 ^nt end circuit of Rg. i . 

Rg. 4 is a detailed circuit schematic of the LED drive circuit of Rg 1 * 

Rg. 5 is a detailed circuit schematic of the ECG analog front end circuit of Fig 1 

Fa 'ah- «1 fJ •? f d C ' rCUit SChematiC ° f the digital si 9" al P roces *ing section of Fig 1 
Rg. 8 is a detailed circuit schematic of the external ECG circuitry of Fig i " 

Figs'lOA 108 ^2 ?or?«S in? 0 ' ^ ^ PU ' S6 Pr ° CeSSi ^ ° f this invention - 

Figs. 10A, 10B. IOC. 10D and 10E are a series of waveforms corresponding to the flow chart of Fig 



»n^T'1 Q f ° R9S ' M 3nd ■ 1B ' the preferred ^bodiment of the present invention relates to the 
BCc tl T °r d thS conventional ECG Erodes with saturation analog U endS ffiE 

■ wsmsmm 
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signal that is acceptable for processing, and various regulated power supplies (not shown) for driving or 
biasing the associated. circuits, as well as ADC 1000 and DSP 2000, from line current or storage batteries. 

The associated elements are straightforward circuits providing specified functions which are within the 
skill of the ordinary engineer to design and build. The associated elements are briefly described here, and 
5 reference is made to the corresponding detailed schematics in the Figures and circuit element tables set 
forth below, to place the apparatus for using the present invention in its operating context in the preferred 
embodiment. 

In the preferred embodiment, the invention requires two input signals, the two plethysmograph or 
detected optical signals (e.g., red and infrared) and, optionally, a third signal, the ECG signal of the patient. 

10 If analog signals are provided, they must be within or be adjusted by, for example, offset amplifiers, to be 
within the voltage input range for the ADC. In circumstances where the signals have been digitized already, 
they must be bit compatible with the digital signal processing devices, DSP. 

The plethysmograph signal is obtained in a conventional manner for a non-invasive oximeter, typically 
by illuminating the patients tissue with red and infrared light in an alternating fashion, in the manner 

75 described above for the N-100 oximeter. Referring to Figs. 1A and 1B, sensor circuit 100 has red LED 110 
and infrared LED 120 connected in parallel, anode to cathode, so that the LED drive current alternately 
illuminates one LED and then the other LED. Circuit 100 also includes photodetector 130, preferably a 
photodiode, which detects the level of light transmitted through the patient's tissue, e.g. t finger 140, as a 
single, analog optical signal containing both the red and infrared light plethysmography, detected optical 

20 signal waveforms. 

Referring to Figs. 1A, 1B, 2A, and 2B, patient module 200 includes preamplifier 210 for preamplifying 
the analog detected optical signal of photodetector 130, ECG preamplifer 220 for preamplifying the analog 
ECG signal detected from the ECG electrodes that would be attached to the patient in a conventional 
manner, and protection circuitry 250 interposed between instrumentation amplifier 220 and inverter 230 and 
25 the three ECG signal leads, to prevent high voltage transients from damaging the ECG preamplifier 
electronics. 

Preamplifier 210 may be an operational amplifier configured as a current to voltage converter, biased 
by a positive voltage to extend the dynamic range of the system, thereby converting the photocurrent of 
photodiode 130 into a usable voltage signal. ECG preamplifier 220 is preferably a high quality instrumental 

30 tion amplifier which amplifies the differential signal present on the two ECG signal electrodes. The common- 
mode signal present on the two signal electrodes is inverted by inverter 230 and returned to the patient by 
the third ECG lead, effectively nulling the common-mode signals. A biasing network on the two ECG signal 
leads is provided to aid in the detection of when an ECG electrode lead becomes disconnected from patient 
module 200 or the patient. Patient module 200 also includes leads for passing the LED drive voltages to 

as LEDs 110 and 120. 

Referring to Figs. 1A, 1B, 3A and 3B, saturation analog front end circuit 300 receives the analog optical 
signal from patient module 200 and filters and processes the detected signal to provide separate red and 
infrared analog voltage signals corresponding to the detected red and infrared optical pulses. The voltage 
signal is passed through low pass filter 310 to remove unwanted high frequency components above, for 
40 example, 100 khz, AC coupled through capacitor 325 to remove the DC component, passed through high 
pass filter 320 to remove any unwanted low frequencies below, for example, 20 hertz, and passed through 
programmable gain stage 330 to amplify and optimize the signal level presented to synchronous detector 
340. 

Synchronous detector 340 removes any common mode signals present and splits the time multiplexed 
45 optical signal into two channels, one representing the red voltage signals and the other representing the 
infrared voltage signals. Each signal is then passed through respective filter chains having two 2-pole 20 
hertz low pass filters 350 and 360, and offset amplifier 370 and 380. The filtered voltage signals now 
contain the signal information corresponding to the red and infrared detected optical signals. Additionally, 
circuits for use in preventing overdriving the amplifiers in saturation circuit 300 may be applied, for 
so example, level-sensing circuits 312 and 314 (located after low pass filter 310) for indicating unacceptable 
LED drive current, and level sensing circuit 315 (located after programmable gain amplifier 330) for 
indicating unacceptable input amplifier gain setting. 

Referring to Figs. 1A, 1B, and 5, ECG analog front end circuit 400 receives the preampiified ECG signal 
from patient module 200 and processes it for use with the present invention. The analog ECG signal is 
55 passed through 2-pole 40 hertz low pass filter 410 for removing unwanted frequencies above 40 hertz, and 
programmable notch filter 420 for removing unwanted line frequency components. Optionally, circuitry may 
be provided to measure the line frequency and to select an appropriate clock frequency for the notch filter. 
The ECG signal is then passed through low pass filter 430, preferably configured to remove further 
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unwanted components above about 40 hertz, and in particular any frequency components that may have 

fiSr n sr:iv oteh , ,i,te : 420 - Thersaner ' the ecg si9nai is passed °- 5 ^1 3 z 

k . i 3ny low - frec ' uenc y bas e»ne shifts present in the original ECG signal, and then passed 

TS IT^T? 450 t0 ^ 3n 0ffS9t V0 ' ta9e ,hat the VOl,a 9 e is ^ "npS signal AC 
or .he analog to d.gital converter device and the complete waveform will be properly digitized 

or nilh! =rr Sirabl ^ 10 ^ SS * 6 Si9na ' ° UtpUt fr0m low pass ,i,ter 410 into a circuit that detects whether 
or net the ECG s.gnal .s be,ng detected to identify a "leads-off" condition. The signal voltage is passed 
•rough absolute value circuit 480 to take the absolute va.ue of the low pass filter oJput vo tage d se ds 
the value to comparator 490. Comparator 490 compares the absolute value voltage to a refer^ceThreTold 
or range and when the absolute value voltage is not within the acceptable range compSTSSS! 

TV 0 ,atC H h TV 0 indicate this condition to - for e * am <" e - *• -S^esso 9 

Refemng to Rgs. 1A, IB, and 8, the Nellcor N-200 device also is equipped with external ECG circuit 
800 tor receiving the ECG signal of a stand alone ECG detector device L'UeslT^ EcfSZZ 

tllTrr ^ ^ N ' 20 ° ° Ximeter and the present invention - Ci ™" 500 receives the exte nS 
analog ECG s.gnal. passes it across capacitor 510 to remove any DC offset voltage and then pasisTe 

2? IT ^ detSCti0n CifCUit 53 °- A P ° rti0n 0f the AC cou P |ed also is p ssed Zugh buier 

M s 4 to £ 22 t0 T P f arat ° r 57 °- Th9 he ' d PSak VOlta9e is used as the "*«™« thr sho d 9 vo, age 
that .s ,ed to the other .nput of comparator 570 so that subsequent RS complexes in the ECG sional that 
r,se above the threshhold generate a trigger signal that is transferred to DPS 2000 by mSSff^ 
opucal ser.a. commun.cat.on link comprising serial driving opto-isolator 580, electrically iso.a eS opt ca t k 
590. and corresponding serial driving opto-isolator 2590 in DSP 2000 

th. l^To^T^ f 8 ' 6A ' l B \ ADC 1000 Pr ° VideS thS "*» 10 dl '9 ital conversions required by 
hIIh ° , ? a ! orementloned thr ^ voltage signals, the red detected optical signal, the infrared 

to S£ mSFSSS , G Si9na ' (Preferab,y the ECG Si9nal fr0m patien « modu ' a m. are put 

Ininn tLT -^ S ' 9na,S conventional, y multiplexed and digitized by an expanded range 12-bi 

anaog to d.g.tal convers.on technique, yielding 16-bit resolution. The input sfcnals are passed fhrouah 

r P,ifier 102 °- The C ° nverter Sta *° '"dudes offset'ampfifier 030 p oZ- 
mable ga.n c.rcu.try 1040 which allows a portion of the signal to be removed and the remaJndeTtoTe 
•urther amphfed for greater resolution, sample and hold circuit 1050, comparator 1060, and Sdigitol to 
analog converter 1080. The buffered signal is passed through offset amplifier 1030 to add a be bias to the 
s-gna. wherein a portion of the signal is removed and the balance is amplified by being passed th ouoh 
programmabte gain circuitry 1040 to improve the resolution. The amplified signal's then pas ed ZlZ 
sample and hold c.rcuit 1050, the output of which is fed to one input of comparator 1060 The " her npu of 
comparator 1060 is the output of digital to analog (»DAC») converter 1080 so that whe^ the nputs to 
~ 1069 « the same ' the - a '°9 voltage at the sample and hold circuit is fl^Ec^X-S 

data forThe samoto Z'TJT T " " <™°««*» as the digitS 

data_or the sample, and the next sample is sent to sample and hold circuit 105 to be digitized 

Refemng to Figs. 1A. 1B. 4, 6A. 6B. 7A. 7B. and 7C. DAC 1080 also generates the sensor LED drive 

voltages, under the control of microprocessor 2040, using analog multiplexor 610 ^.TSSn TZ 

incoming analog signal into one of two channels for respective.y driving the red and iZsd u£ 

respeefve sample and hold circuits 620 and 630, and LED driver circuit 640 for converting the respecZ 

anatog voltage ,gnals into the respective positive and negative bipolar current signals £^3?S! 

« ,eC ^^^T^ the ana '° 9 si9nals t0 di9ital si9na,s cou,d be «* for a 

Referring to Figs. 1A, 1B, 7A, 7B, and 7C, DSP 2000 controls all aspects of the signal orocessino 
operation ."eluding the signal input and output and intermediate processing The a P parat m ncludesTe S 
™™ r J 340 and I* a ^ociated support circuitry including data bus 10, Si acSss 
(RAM) 2020, read only memory (ROM) 2030, a conventional LED disp.ay device 20?! (not sSwn in de™ ) 

S InTe^rZL 2050 ^ Pr0Vidin9 ** naC ~ y C '° Ck and "* 2 USTf quen 

X !i r I * embodiment, microprocessor 2040 is a model 8088 microprocessor manufactured 

Z bLTbT^Z!^? Ca,i !? r f AUernate ^y be used', such as anTofmodel 

nos. 8086, 80186, and 80286. also made by Intel Corporation 

Referring to Rgs. 9. 10A. 10B. 10C, 10D. 10E. and the software appendix, the flow chart for the 

s TrZTZ T ° *• Preferred emb0diment of the P resent inven «°" a ^ "hown The soLa^a append^ 
.s wntten ,s the Asyst computer language which is a commercially available language 

The routme begins at 4000 with the acquisition of 512 data points tor each of the diniti^n «i anrf 
,nfrared optical signals, which are shown graphically at Rg. 10A. "noZ'^*Z?!^'?£ 
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w 



15 



20 



(t) + jlR(t), is formed. At 4020, the "D.C." component is formed by summing ail of the data points, and the 
"D.C." component is then removed from the complex data set by subtraction at 4030, which is graphically 
shown at Fig. 10B. The resulting data is then decimated in time to 64 samples at 4040, which is illustrated 
in Fig. IOC, and the time decimated data is then processed by the Hamming Window function at 4050, 
which result is illustrated in Fig. 10O. Thereafter, the Fourier Transform is taken at 4060. The spectral 
components of the transform are shown in Fig. 10E. The Fourier Transforms of the red and infrared 
components are then calculated at 4070 in accordance with the aforementioned equations, and at 4080 the 
maximum value at the fundamental heart rate and the minimum value at the zero frequency are determined 
for each of tne red and infrared transforms. The saturation ratio R is calculated as: 

peak at heartrate for red 
R = Re( "D.C. " ) 



peak at heartrate for infrared 
Im("D.C. » ) 



The minimum values for the red and infrared waveforms are taken from the respective real and imaginary 
components of the "D.C." component. Thereafter, the pulse data is declared ready and saturation is 
calculated in accordance with the know saturation formula. With each occurrence of the heartbeat, new data 
is acquired, the 512 data point set is updated and the routine operates to determine the saturation ratio R. 

In the preferred embodiment, the blood constituent measured is the oxygen saturation of the blood of a 
patient. The calculation of the oxygen saturation is made based on the ratio of the pulse seen by the red 
light compared to the pulse seen by the infrared light in accordance with the following equation: 

25 Saturation = 100% x BR2 - R(BR1) 

R(B01 - BR1) + BR2 - B02 

wherein 

3Q B01 is the extinction coefficient for oxygenated hemoglobin at light wavelength *1 (Infrared) 

B02 is the extinction coefficient for oxygenated hemoglobin at light wavelength 2 (red) 

BR1 is the extinction coefficient for reduced hemoglobin at light wavelength 1 

BR2 is the extinction coefficient for reduced hemoglobin at light wavelength 2 

light wavelength 1 is infrared light 
35 light wavelength 2 is red light 

and R is the ratio of the optical density of wavelength 2 to wavelength 1 and is calculated as: 

r = ln [WW 



wherein 

l ma x2 is the maximum light transmitted at light wavelength 
l min2 is the minimum light transmitted at light wavelength 2 
Imaxi is the maximum light transmitted at light wavelength 1 
l min , is the minimum light transmitted at light wavelength 1 

The various extinction coefficients are determinable by empirical study as is well known to those of skill in 
the art. For convenience of calculation, the natural log of the ratios may be calculated by use of the Taylor 
expansion series for the natural log. 
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Circuit Tables 



BET 
FIG. 


# CHIP 
2 


MFR PART // 


Manufacturer 


DESCRIPTION OF CHIP 


210 


U2 


LF442 


NATIONAL 


DUAL LOW POWER OP AMP 


220 
230 


Ul 

110 


rNAlOlHP 

LlC Ht+Z 


SEMICONDUCTOR 


BURR BROWN 
NATIONAL 


INSTRUMENTATION AMP 
DUAL LOW POWER OP AMP 








SEMICONDUCTOR 


3 . 






312 


U27 




NATIONAL 


QUAD JTET OP AMP 


312 


U28 




SEMICONDUCTOR 




NATIONAL 


QUAD VOLTAGE COMPARATOR 


310 


U27 




SEMICONDUCTOR 




XT A TTAXTA T 

NATIONAL 


QUAD JFET OP AMP 


320 


U27 


TV AAA 


SEMICONDUCTOR 


NATIONAL 


QUAD JFET OP AMP 


330 






SEMICONDUCTOR 




MICROPOWER 


8-BIT DAC 


330 


U32 


LF444 


NATIONAL 


QUAD JTET OP AMP 


330 


U32 




SEMICONDUCTOR 


LF444 


NATIONAL 


QUAD JFET OP AMP 


315 


U20 




SEMICONDUCTOR 


LP365N 


NATIONAL 


QUAD VOLTAGE COMPARATOR 


340 


U32 




SEMICONDUCTOR 


LF444 


NATIONAL 


QUAD JTET OP AMP 


340 


y it 




SEMICONDUCTOR 




SILICONIX 


ANALOG SWITCH 


340 


U7 


LF444 


INCORPORATED 


NATIONAL 


QUAD JFET OP AMP* 


340 


U13 




SEMICONDUCTOR 


LF444 


NATIONAL 


QUAD JFET OP AMP 


350 


U7 




SEMICONDUCTOR 


LF444 


NATIONAL 


QUAD JTET OP AMP 


360 


U13 




SEMICONDUCTOR 


LF444 


NATIONAL 


QUAD JTET OP AMP 








SEMICONDUCTOR 
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370 


U7 


LF444 


NATIONAL 
SEMICONDUCTOR 


QUAD JTET OP AMP 


5 


380 


013 


LF444 


NATIONAL 
3EMIC0ND0CT0R 


QUAD JTET OP AMP 




340 


U19 


DG211CJ 


SILICONIX 
INCORPORATED 


CMOS ANALOG SWITCH 




FIG. 4 










70 


640 


019 


DG211CJ 


SILICONIX 
INCORPORATED 


CMOS ANALOG SWITCH 




640 


032 


LF444 


NATIONAL 
SEMICONDUCTOR 


QUAD JFET OP AMP 




FIG. 5 










75 


410 


012 


LF444 


NATIONAL 


QUAD JTET OP AMP 








SEMICONDUCTOR 






420 


06 


LTC1059CN 


LINEAR 
TECHNOLOGY 


SWITCHED CAPACITOR FILTER 




430 


012 


LF444 


NATIONAL 


QUAD JTET OP AMP 


20 








SEMICONDUCTOR 




440 


012 


LF444 


NATIONAL 
SEMICONDUCTOR 


QUAD JFET OP AMP 




440 


019 


DG211CJ 


SILICONIX 
INCORPORATED 


CMOS ANALOG SWITCH 




450 


012 


LF444 


NATIONAL 


QUAD JFET OP AMP 


25 








SEMICONDUCTOR 






480 


05 


LF444 


NATIONAL 
SEMICONDUCTOR 


QUAD JFET OP AMP 




490 


04 


LM393N 


NATIONAL 
SEMICONDUCTOR 


VOLTAGE COMPARATOR 


30 


495 


010 


74HC00 


-TEXAS 
INSTRUMENTS 


HIGH SPEED CMOS 




495 


03 


74HC74 


TEXAS 

INSTRUMENTS 


HIGH SPEED CMOS 




FIG. 6 










35 


10 10 


024 


DG528CK 


SILICONIX 
INCORPORATED 


OCTAL ANALOG SWITCH 




1020 


025 


LF444 


NATIONAL 
SEMICONDUCTOR 


QUAD JFET OP AMP 




1030 


025 


LF444 


NATIONAL 


QUAD JFET OP AMP 


40 








SEMICONDUCTOR 






1040 


038 


AD7524LN 


ANALOG DEVICES 


DAC 




1040 


042 


74HC374 


TEXAS 

INSTRUMENTS 


HIGH SPEED CMOS 




1040 


037 


LF442M 


NATIONAL 


LOW POWER OP AMP 


45 








SEMICONDUCTOR 




1050 


036 


LF398N 


NATIONAL 
SEMICONDUCTOR 


SAMPLE & HOLD OP AMP 




1060 


029 


' LM211P 


TEXAS 

INSTRUMENTS 


LOW OFFSET VOLTAGE COMPARATOR 


50 


1080 


043 


AD7548KN 


ANALOG DEVICES 


CMOS 12-BIT DAC 


1080 


031 


LF4UACN 


NATIONAL 
SEMICONDUCTOR 


LOW OFFSET OP AMP 




1080 


025 


LF444 


NATIONAL 


QUAD JFET OP AMP 




610 






SEMICONDUCTOR 




55 


018 


DG528CX 


SILICONIX 


OCTAL ANALOG SWITCH 








INCORPORATED 
11 
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620 
630 

FIG. 



(JH 
Oil 



02 
01 



2040 



2030 
2020 



2050 
2050 
2050 

2050 

2050 

2C50 

2050 

FIG. 8 
520 

530 



LF444 
LF444 



82C84A-2 
74HC74 



Ul 74HC74 



08 
03 

033 

09 



03 

09 

019 

09 

021 
015 

023 

017 

019 

019 

016 
022 
034 
038 
09 

039 

035 
040 
U28 

03 
02 



MSM80C88RS-2 
74HC74 

74HC374 

74HC04 

74HC74 

74HC04 

74HCOO 

74HC04 

MBM27C5 12-25 
DS1242 

74HC138 

74HC138 

74HC00 

74HC00 

82C5 1A 

MSM82C59A-2ES 
MSM82C53-2 
MSM82C53-2 
74HC04 

74HC393 

D2732A 

74HC374 

74HC374 



NATIONAL 
SEMICONDOCTOR 
NATIONAL 
SEMICONDOCTOR 

NEC 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
OKI ELECTRIC 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
FUJITSU LIMITED 
DALLAS 

SEMICONDUCTOR 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
OKI ELECTRIC 
OKI ELECTRIC 
OKI ELECTRIC 
OKI ELECTRIC 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 
INTEL 

CORPORATION 
TEXAS 

INSTRUMENTS 
TEXAS 

INSTRUMENTS 



QUAD JFET OP AMP 
QUAD JFET OP AMP 

CMOS 8 MHZ CLOCK GENERATOR 
HIGH SPEED CMOS 

HIGH SPEED CMOS 

CPU 8MHZ, 125ns 
HIGH SPEED CMOS 

HIGH SPEED CMOS 

HIGH SPEED CMOS 

HIGH SPEED CMOS 

HIGH SPEED CMOS 

HIGH SPEED CMOS 

HIGH SPEED CMOS 

CMOS 64K X 8 ROM 
CMOS 32K X 8 RAM 

HIGH SPEED CMOS 

HIGH SPEED CMOS 

HIGH SPEED CMOS 

HIGH SPEED CMOS 

CMOS UART 

CMOS INTERRUPT CONTROLLER 
CMOS TRIPLE TIMER 
CMOS TRIPLE TIMER 
HIGH SPEED CMOS 

HIGH SPEED CMOS 

^096 X 8 ROM 

HIGH SPEED CMOS 

HIGH SPEED CMOS 



LF444 
LF444 



NATIONAL 
SEMICONDUCTOR 
NATIONAL 
SEMICONDUCTOR 



QUAD JFET OP AMP 
QUAD JFET OP AMP 
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530 U3 : LF444 NATIONAL QUAD J7ET OP AMP 

SEMICONDUCTOR 

570 U7 LM311N NATIONAL VOLTAGE COMPARATOR W/ STROBE 

SEMICONDUCTOR 



Claims 

1. A method for calculating the amount of a blood constituent from the blood flow characteristics of a 
patient by detecting an absorption signal corresponding to the absorption of light measured at two or more 
wavelengths in the patient's tissue including periodic changes in amplitude caused by periodic arterial 
pulses in the blood flow characteristics related to the patient's heartbeat and aperiodic changes in amplitude 
unrelated to the patient's heartbeat, characterized by, for each of the measured wavelengths: 

obtaining a time-measure of the absorption signal including periodic information and aperiodic information; 
processing the time-measure collectively to determine a composite waveform having a relative maximum 
and minimum amplitude corresponding to a composite periodic waveform of the periodic information in the 
time-measure so that the aperiodic information present in the time-measure is attenuated and filtered from 
the composite; and thereafter 

calculating the amount of blood constituent from the relative maximum and minimum amplitude of the 
composite periodic waveforms of the detected wavelengths. 

2. The method of claim 1 characterized in that obtaining a time-measure of the absorption signal is 
further characterized by updating the time-measure with the occurrence of new heartbeats so that the time- 
measure and the determined composite periodic waveform include periodic information related to the new 
heartbeats. 

3. The method of claim 2 characterized in that obtaining a time-measure of the absorption signal is 
further characterized by obtaining a predetermined time-measure including a predetermined number of 
periodic information corresponding to the predetermined number of heartbeats. 

4. The method of claim 3 characterized in that processing the collected time-measure is further 
characterized by Fourier transforming the collected time-measure into the frequency domain having spectral 
components corresponding to the frequency components of the collected time-measure, whereby the 
difference in the relative maximum and minimum amplitude and the average background intensity amplitude 
correspond to the amplitude at the spectral line for the predetermined number of heartbeats in the collected 
time-measure and the zero frequency spectral component respectively. 

5. The method of claim 4 characterized in that processing the collected time-measure is further 
characterized by identifying the amplitude at the spectral component corresponding to the predetermined 
number of heartbeats by detecting a significant spectral component amplitude at the frequency correspond- 
ing to an integral multiple of the predetermined number of heartbeats. 

6. The method of claim 4 characterized in that processing the collected time-measure is further 
characterized by identifying the amplitude at the spectral component corresponding to the predetermined 
number of heartbeats by detecting the patient's heartrate and correlating the detected heartrate for the time- 
measure to the spectral components of the transformed time-measure. 

7. The method of claims 2 to 6, characterized in that the absorption signal includes two wavelengths, 
further characterized in that collecting the timemeasure is further characterized by converting the absorption 
signals for each of the wavelengths into digital data; 

collecting a first predetermined number of digitized data points for each of the wavelengths of the 
absorption signal; 

forming a complex data set wherein one of the wavelengths data correspond to the real component and the 
other of the wavelengths data correspond to the imaginary component; 

determining the background absorption signal corresponding to the zero frequency component from the 
complex data set and subtracting the determined background absorption component from the complex data 
set, thereby forming a modified data set; 

decimating the modified data set in time into a second predetermined number of samples; 

processing the second predetermined number of samples using a function selected from among the group 

comprising Hamming windows and similar artifact reduction window functions, thereby forming a processed 
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data set: 

Fourier transforming the processed data set into the frequency domain; 

determining the spectral components of the first and second wavelengths at the fundamental frequency for 
the first pretermined number of heartbeats in the time sample from the transform; and 
determining the relative maximum and minimum amplitudes for the first and second wavelengths using the 
amplitude of the zero frequency and fundamental frequency spectral components 

3. The method of claims 3 to 7 further characterized by determining the time of the occurrence of a 
heartbeat from the patient's ECG signal, and sampling the time-measure of the absorption signal to obtain a 

I 80 ! I' ! rm ' ned numb8r ° f samples per heartbeat, based on the determined time of occurrence of 
the heartbeats for each of the predetermined number of heartbeats in the time-measure 
^A,*" apparatus for calculating the amount of a blood constituent from a photoelectrically detected 
absorption s.gnal corresponding to the absorption of light measured at two or more wavelengths in a 
patient s bssue including periodic changes in amplitude caused by periodic arterial pulses in the blood flow 
characteristics that are related to the patient's heartbeat, and including aperiodic changes in amplitude 

ZTSL 10 "f 6 ^ h , e f beatl 3nd indUdin9 3 means for 'he photoelecwcally detected 

absorption signals of each of the measured wavelengths characterized by 

™£oJc\T™Z* timS * meaSUre ° f the deteCted absorption si 9 nals includi "9 Periodic information and 
means for processing the obtained time-measures collectively to determine a composite waveform having a 
™ t r X,n T T m ' amP ' itUde corr9S P ondin 9 to a composite periodic waveform of the periodic 
'"formation the time-measure so that the aperiodic information present in the time-measure is attenuated 
and filtered from the composite, and 

means for calculating the amount of blood constituent from the relative maximum and minimum amplitude 
of the composite periodic waveforms of the detected wavelengths. 

J?*^ aP T atUS ° f ,° laim 9 characterized in »at the means for obtaining a time-measure of the 
detected absorption s.gnal «s further characterized by means for updating the time-measure with the 
occurrence of new heartbeats so that the time-measure and the determined composite periodic waveform 
includes periodic information related to the new heartbeats. 

nJrl 0 J h l aPP t ara,US ° f , Cla 1 ! m . 10 characteri2ed in that *e means for obtaining a time-measure of the 

oriSSltH^ ° b l amS 3 time - measure includi "9 the periodic information corresponding to a 

predetermined number of heartbeats. 

12. The apparatus of claim 11 characterized in that the means for processing the collected time- 
measure ,s further characterized by means for Fourier transforming the collected time-measure into a 
^ ^7" waveform h u avin 9 s P ectral components corresponding to the frequency components of 

^ ^ ?»r 9 " m ?T' T eTeb)/ th6 diff9renCe in the relative maximum am P«* da corresponds to the 
ampirtude at the spectral line for the predetermined number of heartbeats in the col.ected time-measure and 

component baCk9r ° Und ' ntenSity amp,itude corresponds to the amplitude at the zero frequency spectral 

13. The apparatus of claim 12 characterized in that the means for processing the collected time- 
ZZ e JT ? t th t amp,itude at lha s Pe«ra. component corresponding to the pJeZ^^teZ 
heartbeats by detecting a s,gn,f,cant spectral component amp.itude at a frequency that is about an integral 
multiple of the predetermined number of heartbeats ™ 8ni 

characteILln P C S thi ^J*, Characteri2ed means for Meeting the heartrate of the patient. 
tlf^ll f the meanS f ° r P rocess,n 9 'he collected time-measure detects the amplitude at the 
spectral component correspond.ng to the predetermined number of heartbeats and the detected heartrate 
9 „h h aPParatU ,? ° f Cla ' mS 10 t0 14 characterized in that the absorption signal has two wavelengths 
and the means for collecting the time-measure is further characterized by aveiengtns, 
means for converting the analog absorption signals for each of the wavelengths into digital data- 
so aTsoXXT 9 3 flfSt Predetermined number of d '9^ d d *a Points for each of the wave.engths of the 

III re7rZlZT S lV 0 T 9 f " mplex data set wh erein one of the wavelengths data correspond to 
the real component and the other of the wavelengths data correspond to the imaginary component- 
second processor means for determining the background absorption signal correspond^ to' the zero 

S5 ZTnl C rT nt ,r °T tH f COmPl6X ^ S6t 3nd SUbtraCtin 9 the de « 9 ™" ed background absorZ 
55 component from the complex data set, thereby forming a modified data set- 

thiTn™ d9Cima,in9 th6 , m ° difi6d d3ta S9t in time int0 a second Predetermined number of samples; 

mire I processing means for processing the second predetermined number of samples using Hamming ■ 

Window functions, thereby forming a processed data set; - namming 
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means for Fourier transforming the processed data set into the frequency domain; 

means for determining the spectra! components of the first and second wavelengths at the fundamental 
frequency for the first predetermined number of heartbeats in the time sample from the transform; and 
means for determining the relative maximum and minimum amplitudes for the first and second wavelengths 
5 using the amplitude of the zero frequency and fundamental frequency spectral components. 
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.Software Appendix 
FOURIER OXIMETER ASYST LISTING 



type a:udan.dno 

orzsea 

0 9 0/ A . TEMPLATE CHNL0 

1 2 A/0. TEMPLATE CHNLS.23 

I 2 A/O. TEMPLATE CHNLS.CAL 

U STRING FILE. NAME 

INTEGER „« S, 2 2 ] ARRAY RAW. OAT. I 

n2r f ! J 2 J flRR/1Y «flW.0AT.2 
OIMI I ] ARRAY I SAT 

OIMC 2048 . S J ARRAY 0AT.8UF 

82 -~ JKa-Bf jars- 

COMPLEX 

WW SI 2 3 ARRAY FOR. OAT 
SCALAR FOR.OC 

REAL 

Dim V a l\* m * Y HAM "IN6.0AT 
OWt 1024 ] ARRAY SAT. OAT 

SCALAR SAT * SCALAR ^Bo? ££2 SMU * ™ EU 

SCALAR INTER S C C S? R KaLAR^AU 302 8R ' SC ^« « SCALAR SLOPE 

: set. up 

HAMMIN6.0AT C JRAMP 

HAMMING. OAT 2. . Pi ♦ st9 . rne 

9 MINI :- g MIN2 4MS isat ?! ''^ " '** * HAMM ™S.0AT : . 
' set.t.optua 
S sat.*. points 

SET. TEMPLATE 
CHNLS.23 

t^z^i cyclic oo ^-™^te. BU ff E rs 

CHNL0 ISAT CYCLIC TEMPLATE . 9UFFER 

WAIT. FOR. USER 
SCREEN. CLEAR 
10 10 60T0.XY 
INTEN.ON 

■• SET LOCATION 24 TO 0 then. 

STRIKE ANY KEY TO BEGIN ' • n 
INTEN.OFF - CH 

PCKEY 70ROP OROP 
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: OPEN. OAM. FILE 
NOflMAL.OISPLAY 

HOU LONG A DATA SET IN MINUTES 7 # I INPUT 7 • HOU.LONS :• 

Cfl 

ENTER THE FILE NAME XXXXXXXX.OAT * * INPUT FILE. NAME 
CR . • PLEASE UAIT UHILE THE OATA FILE IS CREATED. . . ' 
FILE TEMPLATE 

HOU.LQHG TIMES 
ENO 

FILE. NAME 0£FER> FILE. CREATE 



START. ACQ 
OAS. TNI T 

clear. tasks 

chnl0 i task array>0/a.out 
chnls.23 2 task a/0. in>array 
17 task. Period 
prime. tasks 
trigger. tasks 



: STOP. ACQ 

STOP. TASKS 
CLEAR. TASKS 
NORMAL. OISPLAY 

! 

• PINO BETAS \ GET 8ETAS FOR SAT CALC 

RC A L • \ PLACE RCAL ON THE STACK 

CASE 

\ RCAL 801 8RI 802 8R2 SLOPE INTERCEPT 

OF 10S63 279S0 S069 51763 -15743 9237 ENOOF 

ENOCASE 

INTERCEPT :- 
SLOPE 
BR2 
802 
8R1 
SOI 
I 



: SHORT. FLIP 
128 2_ 00 
130 "i - PTR 

SHORT. OAT C I 1 SCONJ.DAT C PTR 3 

LOOP B , . 

SHORT . DAT C 1 1 SCQNJ.OAT £11-- 
SCONJ.OAT CONJ SCONJ.DAT :- 
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sat. camp .* r '\ 

\ ***** COMPUTE SATURATION 
QUAL .2 > IF 

8R2 RNEW 8R1 ♦ - 801 8R1 - RNEW ♦ 802 - 8R2 f / 1 00 ♦ 
SAT . : * 

SAT 70. < if 

RNEW 4. / SLOPE ♦ INTERCEPT * 4. * 255. / 

SAT 

else 

THEN 

SAT 102. > IF 102. SAT : » ELSE THEN 

SAT 0. < IF 0. SAT ELSE THEN 

SAT SAT. OAT C CTR 1 

SAT 100. > IF 100. SAT :» ELSE THEN 

SAT 40.35 • FIX ISAT :» 

CR . • SAT - - CR SAT . CR CTR . 

1 CTR + CTR :» 

.25 .51 VUPORT.ORIG 

.75 .50 VUPGRT.SIZE 

SHORT. OAT ZMAG SU8C I , 40 ] Y. AUTO. PLOT PTR.MIN S + CR 

STACK. CLEAR 

ELSE 

THEN 



i 



: SHORT. PROCESS 
home screen* clear 

FOR. DAT C3SUM 512. / OUP FOR.OC FOR. OAT SWAP - FOR. OAT 

FOR. DC ZREAL 200. > IF 

FOR. OAT ZREAL UMAX FOR. OAT ZREAL C Jnin - for.dc zreal / 
dup .2 < IF 
0. > if 

FOR. OAT HAMMING. OAT * FOR. DAT :» 

FOR. DAT SUBC 1 , !28 , 4 3 FOR. OAT SU8C 2,128,4] 

FOR. OAT SU8C 3 . 1 28 . 4 . 1 FOR. OAT SU8C 4 , 1 28 . 4 ] + * + SHORT. OAT 

SHORT. OAT FFT SHORT. OAT :« 

SHORT. FLIP 

. SHORT . OAT SCONJ.OAT * ZMAG 

SU8C 4 . 30 ] OUP LOCAL. MAXIMA DROP 1 - PTR.MIN :« 
SUaC PTR.MIN . 3 I USUM IR.MAX • 
SHORT. OAT SCONJ.OAT - ZMAS 

SU8C 4 , 30 1 SU8C PTR.MIN , 3 3 C ISUM RED. MAX 

REO .MAX FOR.OC ZIMA6 / dup 255 . / . cr 

IR.MAX FOR.OC ZREAL / dup 256 ./ . cr OUP QUAL / 

." R« * ? cr RNEW :» 

sat . comp 

THEN 

THEN 

ELSE . * TOO SMALL ' 
THEN 

STACK. CLEAR 

\ 
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: SET. IT 
' HQU.LONG \ * 1 00 
BEGIN 

78UFFER. SWITCH 
UNTIL 

79UFFEH.A/9 
IF 

RAW, DAT. 1 XSECTC I.I] MINI - 
.25 .01 VUPORT.GRIS 
.75 .50 UUPORT.SIZE 
OUP Y. AUTO. PLOT 

RAW. OAT. I XSECTC 1,2] MIN2 - 
ELSE 

RAW . OAT . 2 XSECTC I I ] MINI - 

.25 .01 UUPORT.ORIS 

.75 .50 UUPORT .SIZE 

NO. LABELS 

OUP Y. AUTO. PLOT 

RAW. OAT. 2 XSECTC ' , 2 ] MIN2 - 
THEN 

Z-X+IY FOR. OAT 

FOR. OAT CTR SUBFILE ARRAY>FILE 
SHORT. PROCESS 

LOOP 
I 

: IDLE. IT 

I CTR :« 

BEGIN 

BEGIN 

78UFFER. SWITCH 
UNTIL 

7BUFFER . A/B 
IF 

RAW. OAT. I XSECTC ! , 1 ] MINI - 
.25 .01 UUPORT.ORIG 
.75 .50 VUPORT.SIZE 
OUP Y. AUTO. PLOT 

RAW. OAT. 1 XSECTC ! , 2 ] MIN2 - 
ELSE 

RAW. OAT. 2 XSECTC ! , 1 ] MINI - 
.25 .01 UUP0RT.QRI6 
.75 .50 UUPORT.SIZE 
OUP Y. AUTO. PLOT 

RAW. OAT. 2 XSECTC ! , 2 ] MIN2 - 
THEN 

Z-X+IY FOR, OAT 
SHORT. PROCESS 
7KEY 
UNTIL 

PCKEY DROP 



: SHOW , IT 
STOP. ACQ 
NORMAL. DISPLAY 
SCREEN. CLEAR 

home . " I STARTS A OISPLAY ONLY OXIMETER." 

CR CR 2 OOES OXIMETRY AND STORES DATA FILES 

CR OR r Z CHECKS OFFSET CALIBRATION. " 

CR CR 4 READS RED ANO IR VOLTAGES. rt 

CR CR 5 REPLAYS RECORDED DATA FILES " 

CR CR 6 RETURNS TO OOS. - 

CR CR ."7 CLOSES DATA FILES ON ERRORS. " 

cr cr 8 PRINT INSTRUCTIONS ON SCREEN. " 

cr cp . " ENTER A SELECTION-." 

1 
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oon 

SET. TEMPLATE " 
I CTR :« 

OPEN. DATA. FILE CR 

FILE'. NAME DEFER> FILE. OPEN 
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